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(54) DIGITAL IMAGE PICKUP DEVICE FOR OPERATING DISTORTION CORRECTION BY BLOCK UNIT 

C57)Abstract: 

PROBLEM TO BE SOLVED: To provide a digital image pickup device in 
which an arithmetic time can be shortened, and the next photographing 
can be quickly prepared by executing an end batch operation with one 
central picture element of a block constituted of plural picture elements 
at the time of operating distortion correction by an arithmetic operation. 

SOLUTION: The coefficient of an approximate polynomial indicating 
image height versus distorton curves being the lens performance 
characteristics of a photographing lens 1 is stored in as ROM 7. The 
digital data of a subject fetched from the photographing lens 1 are 
temporarily stored in a buffer memory 5. The arithmetic operation of the 
approximate polynomial is executed by using the coefficient stored in 
the ROM 7 and the coordinate data of a picture element central to a 
block constituted of the plural picture elements of the digital data 
stored in the buffer memory 5 by an approximate polynomial arithmetic 
part 6a. Thus, the distortion correction of the block of the digital data 
stored in the buffer memory 5 can be attained with one central 
correction quantity. 
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* NOTICES * 

JPO and NCIPI are no^ responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The taking lens which photos a photographic subject, and the image sensor which carries out 
electric conversion of the image which carried out image formation with said taking lens. In the digital 
image pick-up equipment which is equipped with the A/D converter which changes the analog data from 
said image sensor into digital data, and records the digital data of the picturized photographic subject 
image on a record mediimi The buffer memory which stores temporarily the digital data of the 
photographic subject adopted from said taking lens. The memory means which stored the multiplier of 
the approximate polynomial showing the image quantity-distortion curve which is the lens performance 
characteristics of said taking lens. The coordinate data of the pixel represented to the block which 
consists of two or more pixels of the multiplier stored in said memory means and the digital data 
memorized by said buffer memory is used. It has an approximate polynomial operation means to 
calculate said approximate polynomial. Digital image pick-up equipment which performs distortion 
amendment in the block imit characterized by constituting so that said block of the digital data 
memorized by said buffer memory may be represented with the one amount of amendments and 
distortion amendment may be performed. 

[Claim 2] Digital image pick-up equipment which performs distortion amendment in the block imit 
according to claim 1 characterized by having a interpolation operation means to compute the image 
concentration to the integral value of the coordinate data of each pixel of the digital data calculated and 
obtained with said approximate polynomial operation means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention carries out image formation of the photographic subject image to 
image sensors, such as CCD, with a taking lens, is changed into an electrical signal, and after carrying 
out A/D conversion, it relates to the digital image pick-up equipment saved at a record medium, and the 
digital image pick-up equipment which carries out digital data processing of the distortion produced 
with the taking lens per block, and amended it when saying in more detail. 
[0002] 

[Description of the Prior Art] As for the taking lens generally used for a camera etc., aberration with 
various spherical aberration, astigmatism, comatic abeiration, etc. exists. The aberration to which the 
photoed image is geometrically distorted in it is called distortion (a barrel shape, bobbin form). Since it 
is not fixed, the lateral magnification of a taking lens produces distortion, the distance, i.e., the image 
quantity, from a core of an image pick-up side. An example of barrel shape distortion is shown in 
drawing 8 . The pixel location (x', y*) by which sets distance firom an image core to a comer to "1", for 
example, image formation will be carried out by being distorted firom a core supposing the distortion 
rate of the pixel of the location of "0.8" is -3% serves as distance of 0.8x0.97=0.776, and distortion of a 
barrel shape as shown in drawing 8 produces it. 

[0003] An example of the relation between the distortion in each zoom position and image quantity is 
shown in drawing 4 . Distance when the image quantity of an axis of abscissa sets from an image core to 
a vertical angle to 1 , and the distortion of an axis of ordinate express the rate of change to image 
quantity with %, respectively. When the focal distance of a continuous line is a call, in the case of 
Normal, a dotted line is the case that an altemate long and short dash line is wide, and in a call, 
distortion of a bobbin form is produced, and when wide, distortion of a barrel shape is produced, 
respectively. Since such a distortion brings a result which spoils the similarity of the photoed 
photographic subject and the photoed image, it is desirable to make it not generated as much as possible. 
It is common to consider as the approach of lessening distortion and to perform the lens design which 
stopped distortion as much as possible. With the camera of a silver salt type film, this approach is 
especially indispensable. Moreover, when, as for the above-mentioned image pick-up equipment, 
compactness is required, a lens with a taking lens cheap small moreover is demanded. However, in order 
to design a lens with little distortion, there are fields, such as magnitude of a lens and an increase of cost, 
to limits [ many ], and they cannot respond to the above-mentioned request. 
[0004] 

[Problem(s) to be Solved by the Invention] It is possible to amend the image which has been once 
distorted with the lens with the image pick-up equipment which incorporates the image which carried 
out image formation with an image sensor unlike the camera of a silver salt type film not on a lens but 
on data. The example is indicated by JP,6-292207,A (the name of invention: image pick-up equipment). 
This has the amendment memory which saved the correction value for every pixel in each 
interchangeable lens or a camera, and is performing amendment of lateral magnification using linear 
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interpolation to the image saved in memory after picturizing a photographic subject. Since the above- 
mentioned configuration has amendment data to all pixels in the lens or the camera, memory space 
becomes large. And since the number of pixels increases the more the more it becomes high resolution, 
memory space must be enlarged further. 

[0005] Thus, in amendment by above-mentioned image pick-up equipment, since it has the correction 
value (data value for every pixel) on memory, much memory is needed. In some which carried 
especially the zoom lens, since the amount of distortion generally changes with focal distances, it has the 
problem that it must have correction value in each focal distance, respectively, and must have a huge 
quantity of amendment data in a camera. 

[0006] Then, although this artificer is making the proposal which attains reduction-ization of a price 
using the lens which makes the minimum capacity of the memory which stores data by performing 
distortion amendment of an image by the operation, and has distortion, he has to spend fixed time 
amount on data processing. When calculating distortion amendment especially at the time of 
photography, it will take time amount until it saves from photography at a record medium. The next 
photography cannot be performed unless it can save at a record medium. If the number of pixels 
increases, the time amount concerning an operation will become so long that it cannot ignore. For 
example, by the image with a high resolution of 1,300,000 pixels, dozens of seconds are needed for an 
operation. 

[0007] When distortion carries out distortion amendment by the operation using a cheap, comparatively 
large lens, by carrying out a package operation on behalf of one pixel of the block which consists of two 
or more pixels, the technical problem of this invention aims at compaction of the operation time, and is 
to offer tiie digital image pick-up equipment which can start preparation of the next photography 
promptly. 
[0008] 

[Means for Solving the Problem] In order to solve said technical problem, the digital image pick-up 
equipment by this invention The taking lens which photos a photographic subject, and the image sensor 
which carries out electric conversion of the image which carried out image formation with said taking 
lens. In the digital image pick-up equipment which is equipped with the A/D converter which changes 
the analog data from said image sensor into digital data, and records the digital data of the picturized 
photographic subject image on a record medium The buffer memory which stores temporarily the digital 
data of the photographic subject adopted from said taking lens. The memory means which stored the 
multipUer of the approximate polynomial showing the image quantity-distortion curve which is the lens 
performance characteristics of said taking lens. The coordinate data of the pixel represented to the block 
which consists of two or more pixels of the multiplier stored in said memory means and the digital data 
memorized by said buffer memory is used. It has an approximate polynomial operation means to 
calculate said approximate polynomial, and it constitutes so that said block of the digital data 
memorized by said buffer memory may be represented with the one amount of amendments and 
distortion amendment may be performed. Moreover, it has a interpolation operation means to compute 
the image concentration to the integral value of the coordinate data of each pixel of the digital data 
calculated and obtained with said approximate polynomial operation means. 
[0009] 

[Fxmction] Since it amends by putting two or more pixels together and making it represent with the one 
amoimt of amendments according to the above-mentioned configuration, the whole processing time can 
be shortened. 
[0010] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, the gestalt of operation of this 
invention is explained in detail. Drawing 1 is the block diagram showing the gestalt of the operation of 
the circuit of digital image pick-up equipment which performs distortion amendment in the block unit by 
this invention. Image formation of the optical image of the photographic subject which is not illustrated 
is carried out on CCD3 with a taking lens 1. In CCDS, an optical image is changed into an electrical 
signal and each pixel signal of an image is outputted. After being digitized by A/D converter 4, buffer 
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memory 5 memorizes temporarily. CPU6 cuts down the image memorized by buffer memory 5 to the 
block of 8x8, as shown in drawing 3 , it takes in the multiplier stored in the coordinate data and ROM7 
of one pixel (a representation pixel, for example, an upper left pixel) of them, 2ind calculates an 
approximate polynomial by the function of approximate polynomial operation part 6a. Thus, the 
computed coordinate data is used in common about 64 8x8-block pixels. 

[001 1] Furthermore, by the fimction of interpolation operation part 6b, the interpolation operation of the 
coordinate data computed from the approximate polynomial is performed, the above-mentioned 
operation is performed about all blocks, and distortion amendment is performed. Then, CPU6 which 
processes process processing, format conversion, etc. and is finally stored in a record medium 9 drives 
the zoom drive motor 2 by zoom actuation of a user, and performs zoom scale-factor setting control of a 
taking lens. A taking lens 1 is a zoom lens from a wide angle to looking far (it is a 45mm - 135mm 3 
time zoom for example, by 35mm camera conversion), and the number of the zoom positions (focal 
distance) set up is five. It has been made to perform distortion amendment about two zoom positions of 
these and by the side of a wide angle. As shown in drawing 4 , since distortion is not so large, distortion 
is made to carry out distortion amendment of the barrel shape by the side of wide which cannot be 
disregarded in a call and a normal valve position. 

[0012] The relation between the above-mentioned image quantity and distortion can be approximated by 
the polynomial. If it is usual, and approximation by the secondary formula will be enough and it will 
consider that distortion is 0 in this case centering on an image, it will become only the primary term and 
the secondary term to image quantity. So, only the multiplier of the primary term and the secondary term 
is stored in ROM7 to two zoom positions, respectively. It will become a degree type, if r' and the image 
quantity in the condition that there is no distortion are expressed for the image quantity which distortion 
joined in the secondary approximate expression by which polynomial approximation was carried out 
here and a and the primary multiplier are expressed for r and the secondary multiplier as b. 
r'=ar2+br~(l) 

When an image core is expressed with xy coordinate which made this the zero, it is ax(x2+y2) 1/x — 
{2+b} XX. - (2) 

y*= {ax(x2+y2) 1 / 2+b} xy - (3) 

It becomes. Distortion is amended by matching the coordinate of the pixel before amendment to the 
coordinate of the pixel after amendment about the pixel with which a block unit is represented according 
to this formula. 

[0013] Drawing 2 is drawing showing an example of the multiplier of the secondary polynomial stored 
in ROM7. The multiplier al of the secondary polynomial corresponding to the focal location of the wide 
angle Anmi, and bl The multiplier a2 of the secondary polynomial corresponding to the focal location 
of the wide angle Bmm (B>A), and b2 It is stored in ROM7. It calculates by putting the multipliers a 
and b corresponding to the coordinate (x y) of the pixel from which the block after the distortion 
amendment shown in drawing 5 is represented witti approximate polynomial operation part 6a of CPU6, 
and said coordinate location read from ROM7 into above (2) and (3) type, and the coordinate (x', y') 
before amendment (distortion location) is searched for. The coordinate before the amendment for which 
it asked by the pixel of representation as the pixel within the block except being represented was 
mentioned above (x*, y') is used. Therefore, as compared with the case where it calculates, it will end 
with 1/64 of the amounts of operations about all pixels. 

[0014] Thus, corresponding to the coordinate (x y) of the image after distortion amendment, the 
coordinate (x*, y') of a distortion location is searched for for calculating only the pixel made to arrange 
that there is no clearance in predetermined image within the limits. When searching for the coordinate (x 
y) of the pixel which carried out distortion amendment to the coordinate before amendment (x\ y') and 
distortion is large, it is for computing the coordinate from which it separated from the predetermined 
image range, or a null's arising between pixels, even if it is further predetermined image within the 
limits, and removing these evils. 

[0015] thus — (— two ~) — (~ three — ) ~ a formula — following — calculating — having had ~ x — ' — y - 
- ' ~ the real number — becoming — although — a pixel — discrete — arranging — having — ****-. a sake 
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~ being certain — a form — interpolation ~ taking — the real number — a value — a coordinate ~ having 
corresponded — an image — concentration — it must ask . That is, since an actual coordinate does not 
exist when the value of y* includes the value below a a small number of point, x' and, image 
concentration must be computed to the coordinate (integral value) which exists really. Although various 
things (a recently side method, a linear interpolation method, the 3rd interpolation, the approach of 
moving by 8x8 blocks, etc.) as the interpolation approach are proposed, if it interpolates using a high 
order polynomial from the concentration of many pixels, although the quaUty of an image improves, its 
computational complexity will increase. It will be synthetically judged from the arithmetic proficiency 
of the image pick-up equipment used, the nimiber of pixels of CCD, etc. which approach is taken. With 
the gestalt of operation of this invention, from the pixel data of nine points, Lagrange's interpolation 
formula is applied and the secondary polynomial is perfomiing interpolation count. It is possible to 
attain the purpose, even if it uses other interpolation approaches. 

[0016] Drawing 6 shows the interpolation from the pixel of nine points typically. When a pixel pitch is 
norm^ized with 1, the integer part calculated by (2) and (3) formulas (x*, y') is set to (xl, yl), and 
fraction part is set to alpha and beta. Moreover (xl, yl) expresses the concentration of the pixel of a 
coordinate as f (xl, yl). The concentration of the location at this time (x', y') is calculated by the 
following formulas. 

f(x', y') = 2xbeta [ f(xO, yO) xalpha(alpha-l) /] (beta-l)/2 -f(xO, yl) xalpha (alpha-1) / 2x (beta+1) (beta- 
1) 

+ 2xbeta [ f(xO, y2) xalpha(alpha-l) /] (beta+l)/2 -f(xl, yO) x(alpha+l) (alpha-1) xbeta (beta-l)/2 +f(xl, 
yl) x(alpha+l) (alpha-1) x (beta+1) (beta-1) 

- f(xl, y2) x(alpha+l) (alpha-1) xbeta (beta+l)/2 2xbeta [ +f(x2, yO) xalpha(alpha+l) /] (beta-l)/2 -f(x2, 

yl) xalpha (alpha+1) / 2x (beta+1) (beta-1) 

+ 2xbeta [ f(x2, y2) xalpha(alpha+l) /] (beta+l)/2 ~ (4) 

[0017] Interpolation operation part 6b of CPU6 can calculate (4) types, and can obtain the concentration 
f (x y) of the amended coordinate location (integral value) to the concentration f (x*, y*) of a coordinate 
location (x*, y') to the coordinate location computed by the secondary polynomial. Thus, an approximate 
polynomial operation is performed and the image data which carried out concentration calculation to the 
coordinate location of an integral value is stored in the address of correspondence of a record medium 9 
by carrying out a interpolation operation. At the time of playback, the image by which distortion 
amendment was carried out is read from a record medium 9, and it is displayed on the liquid crystal 
display which is not illustrated. 

[0018] Drawing 7 is a flow chart which shows sequence actuation of distortion amendment. Hereafter, 
explanation of operation is given according to drawing 7 . If a user performs zoom actuation, CPU6 will 
drive the zoom drive motor 2, and will set it as the zoom value to which a user means a taking lens 1 
(step 701 (henceforth "S")). Photography is performed and data are stored in buffer memory 5 (S702, 
S703). CPU6 incorporates the multipUers a and b of the distortion approximate polynomial 
corresponding to zoom POJON (S704), and it judges whether distortion is larger than the set point 
(S705). When a judgment is "no", it skips to S712 and progresses to the actuation which captures an 
image to a storage 9 as it is. With the gestalt of operation of this invention, since it has been made to 
carry out distortion amendment about two zoom positions by the side of a wide angle beforehand, the 
above-mentioned judgment becomes "yes." 

[0019] CPU6 acquires the coordinate (x y) of the pixel with which the block of the image data after next 
amending is represented (S706), and the coordinate (x', y') of the image data before the amendment 
corresponding to the coordinate (x y) of the pixel with which an approximate polynomial is calculated 
and the image data after amendment is represented is acquired (S707). This coordinate is used about 
other pixels in a block. Furthermore a coordinate (x*, y') is divided into integer part and a fraction, 
interpolation count is carried out and the concentration f (x y) of the coordinate (x y) of the image data 
after the amendment to the concentration f (x', y') of a coordinate (x', y*) is obtained (S708). 
[0020] The coordinate of the next pixel within a block is acquired to tiie next (S709), and it judges 
whether the interpolation operation of all the data within a block was completed (S710). When having 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/1 1/2006 



JP,1 1-250238,A [DETAILED DESCRIPTION] 



Page 5 of 5 



not completed, a return interpolation operation is performed to S708. When it completes, it judges 
whether the approximate polynomial operation and the interpolation operation were completed about the 
■ whole block (S71 1). When amendment of a whole block is not completed, it returns to S706. When 
having completed, JPEG compression is performed next (S712), and it writes in a record medium 9 
(S713). 

[0021] Although the gestalt of the above operation explained the case where an image was divided into a 
8x8-pixel block, about the size of this block, it will determine in fact in consideration of the compaction 
effectiveness of effect and the processing time given to image quality. Moreover, although the gestalt of 
the operation which carries out distortion amendment at the time of record was shown, it stores in the 
record medium 9, without canying out distortion amendment at the time of record, and the same 
effectiveness is acquired even if it performs distortion amendment at the time of playback. 
[0022] 

[Effect of the Invention] As explained above, this invention stores the multiplier of the approximate 
polynomial which expresses with a memory means the image quantity-distortion curve which is the lens 
performance characteristics of a taking lens. The multiplier which stores temporarily the digital data of 
the photographic subject adopted from the taking lens at buffer memory, and is stored in the memory 
means by the approximate pol3momial operation means. An approximate polynomial is calculated using 
the coordinate data of the pixel represented to the block which consists of two or more pixels of the 
digital data memorized by buffer memory. It constitutes so that said block of the digital data memorized 
by buffer memory may be represented with the one amoimt of amendments and distortion amendment 
may be performed. 

[0023] Therefore, since computational complexity of a coordinate can be lessened as compared with the 
case where the amendment operation of all the pixels is carried out, time amount xmtil it can attain 
shortening of the processing time which amendment takes and then can take a photograph can be 
shortened. Moreover, in a zoom lens, a difference with the exposure time of other positions which are 
not amended decreases, and the sense of incongruity of the exposure time for every zoom position can 
be made into the minimimi. Moreover, since the big lens of distortion can be used, a cheap and small 
lens can be used and the cost of the whole equipment can be reduced. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the gestalt of the operation of the circuit of digital image 
pick-up equipment which performs distortion amendment in the block xmit by this invention. 
[Drawing 2] It is drawing which is stored in ROM7 and in which showing an example of the multiplier 
of the secondary polynomial. 

[Drawing 3] It is drawing showing an example which cuts down an image per block. 
[Drawing 4] It is drawing showing the relation between image quantity and distortion. 
[Drawing 5] It is drawing for explaining the coordinate location of the image after distortion 
amendment. 

[Drawing 6] It is drawing for explaining the interpolation approach by the coordinate location of nine 
points. 

[Drawing 7] It is a flow chart for explaining the sequence which performs a distortion amendment 
operation per block. 

[Drawing 8] It is drawing for explaining an example of barrel shape distortion. 
[Description of Notations] 
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Taking lens (zoom lens) 


2- 


Zoom drive motor 


3- 


CCD (image sensor) 


4~ 


A/D converter 


5- 


Buffer memory 


6~ 


CPU 


6a- 


- Approximate polynomial operation part 


6b- 


- Interpolation operation part 


7- 


ROM (memory means) 


9- 


Record medium (memory card) 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 




[Drawing 4] 
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[Drawing 5] 



•••••••• 



I ) M t 1 ] X 

t li i t i 1 1 
) I M 1 1 1 1 
1 1 : 1 1 1 : t 

iliUlil 



!««*•••« 



«•!■•■ I* 
«*»■•• I » 

i > i i i i j i 
1 11 1 1 1 i I 




(>c.y) 



[Drawing 6] 



fOtt.vO) 



f(x0.yO) 



fO(2.yO) 




CxO,yO)12 



[Drawing 8] 




[Drawing 7] 
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i/s >'?g:^!^^<'rS:^££i:LT. -r^X h-'>3 

So L7J)^b*;b'«e>x T'^Xh— >3 >'f0^3S;V'^U>'X^& 
iSff-t-^Jcii. UVXO:^^^. r3Xhii*HO®:6^e> 

[0 0 0 4] 

[^^:b^P8tLcfc ^ ^ifS^S] l^vXT^^^Lfc^^ 

— ^A.T*bSofc:®®:&l^vXTHi:Q: 
B3¥6-2 9 2 2 0 7 (^M^OSIS^ : S»^B) tcgB^ 
;/^rU:&#3S^l-vX*fcti;?7p«'^rttcit*S. WC^Wn: 

r S aiE -r - ^ V Xrt S t J: * ;>( ^ P«g tc J$ -3 T (/ ^ S 
[0 0 0 5] cioj;'5Jc±5B(oa®^Sii:j;S*iiEtO^ 

AUvx^&iS^u/ct>OTH±. ■r'-rxb— voa^i 

~ * ::«7 ;^ ^ it * n * e> * V ^ ^ V ^ -5 BaM*^ 

So 

[0 0 0 6] ^<1T% *#5l0^#li. agtCctDlffi^O 
f S y fOSfi^g^MSlC LT-r ^ X h — > 3 

S UvX^Si.^T«SC)fgM{l:^^S*i^^bT(.>S 

TL^-Po fB^jSf*Jc«#-e^*i,>|®t)^±OffcDa^* 
SBtF^li:^«T*^^l'^3gg<*So M^ifx 1 3 073iB 



(3) 



1 1 -2 50 2 3 8 



[0 0 0 7] •r-<Xb-v'3 V:6^it«i 

[0 0 0 8] 

[0 0 0 9] 
[00 10] 

±tC^^l^tlSo CCDS r*ti)t^#;b^aM{i^tc^M 
jaS^tr^o c:<D<t^^cLTStB^nfci^®-r~:^ti8 

[0 0 11] •^^icmmmm^Gh<Dmmic^^xjS:iSL 



C P U 6 li. ?iJS#oX- A^mi: c3; 0 X-ixIStt^- 
^2^|gl!jL. ^UvXoX-Afg^iS^MSi^^T 

mS^\y>Xl ti£6:^;6^e>Ma (M^if 3 5 mm:^p< 
'^glST4 Snrini— 1 3 5 inin03^X— A) STOX 
-AlxvXT'fel?. ^^n^X-A^K>^v'3>' (M.^ 
ffi^) tiM^tf 5:^^mT*»So clOrt. iS^iffiloX-A 
4< 3 V 2 SrJt^cov^Tt'^ X h — 3 v?iiE^?T -5 

<:&l^/t«>. ^mT^^^fel^^^-Y Kffl!lO«?g^O'r-<X h- 
[0 0 1 2] ilB^^^^-r-rXh-v^a V^Dii^li^:® 

si?5fi{H-r s c ^ ff^x^^o mnx&ni£ 2 ^sT^ois 

{Ktr+^>T^t)s CCD^-a-H^^'oTni'x^X >3 
V;b^OT*fe§ci:*#^§i:. ^Stc?>f LT 1 

CO^S^rr. 2^^0«Si^a. 1 ^j^^O^* b ^ bra 
r' =a r2 +b r (1) 

x' =: {aX (x2 +y2 ) 1/2 +b) XX (2) 
y' = {aX (x2 +y2 ) 1/2 +b} Xy (3) 

[ooi3]02ti. ROU7lc^mir^z:k(D^mA 

(0%^(D-m^^^TmX^^o /Aft AmmO^ffiStJ: 
S^iSt-S 2 :^O^JH^O<^SC a I , bi /SftBmm 
( B > A ) O^iiSfitHJcmt- ^ 2 ^A(0^m^(OmSL a 

2 . bz f^^Rouiic^m-^nx^^^o cpueoaaiii 
^^si£»BP 6 a xiit. m 5 ^c^-r X ^ X h — > a 

iE^^(oytjy^(Di^m-^ti^mm(omm ix, y) 

a, bJ&±fB (2) (3) S^cAnTSIMC*m\ ffliE 
to (^^ffiM) ^Dll^ (x* . y* ) ^^i6So ^-^^^ 

ffl^T^^i^fcffljEto^oi^® (x' , y' ) ff^mi-'^n 

Jcit«JL. 1/6 4 0SI^S'^5St^cl^^55:So 
[0 0 14] COcfc-pJCx-fXh—^^aVffliE^^Dia® 
(Omm (x, y) Jc3*JSbTSii^ffiB«Oj@l® (x' , 



(4) 
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mm ix, y) ^*«)Sii^tcfri. x-i'XI—i/a 
CO 0 1 5] c<o^^\c (2) (3) S;k:«¥oTltS^ 

f (x' . y' ) = 
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[0 0 16] El6l±9^©a^*^e.©MS*^Wli:g^ 

(2) 43J:D' (3) ^T'ff-^L?-c (x' , y " ) <0 
ap*' (xl. yl) tikt). /hSmifa. /J i:*:«o S 
(x 1 , y 1) <D^McomM(Om&^ f (x 1 , y 

1) tm-To c<o^ (x' . y' ) (onLStommt-tiiLT 



f 


(x 0, 


y 


0) 


X a 


(a-1) /2X^ /2 


- f 


(x 0, 


y 


1) 


X a 


(a-1) /2X (iS+1) (^-1) 


+ f 


Cx 0. 


y 


2) 


X a 


(a- 1) /2X j8 (/5+ 1) /2 


- f 


(x 1. 


y 


0) 


X ( 


a+ 1) (a-1) X^ (/8-1) /2 


+ f 


(x 1. 


y 


1 ) 


X ( 


a-hl) (a-1) X (/J+1) (/S~l) 


- f 


(x 1 , 


y 


2) 


X ( 


a+ 1) (a-1) x^ (/5+1) /2 


-f f 


(x 2, 


y 


0) 


X a 


(a+1) /2X^ (jS-l) yz 


- f 


(x 2. 


y 


1) 


X a 


Ca+1) /2X (/?+]) (^-1) 


+ f 


Cx 2. 


y 


2) 


X a 


(a-M) /2X/3 (/J+1) /2- (4) 



[0 0 17] CPU60ffiKa»S6btt (4) SO« 

2^j^O^]SST*StB^n:rc^SfiB (x* . 
y' ) *^e>. ^tOJ^SffiM^oaS f (x* . y* ) tcj^f 
-r^SffijE^tifc^ffiB (fiS[fii) 0»*f (x. y) 

[0 0 18] Hy^i-r-rXh— vSiEiOv'-yvX 
fmB-a*?7 ^ o *iJffl#;:)^X- ASf^^&fi -5 i:^ C P U 6 

^1^-5) 7 0 1) o mBt)'^f7t>n. -r-^^^VSy^TP^ 
5 tC^^^n^ (S 702, S70 3) o CPU6 

liX— A5Kv^3 >^JSO-r^X h— >3 ViSffil^^^O 
#^a. b^m^ (S 7 0 4) . f^^Xh-v-a 
^Mc};l?:^^i^;b^S:^)^^W^'rs (S 7 0 5) o 
ti^ ri,^i>x.J OS^JCti. S 7 1 2lC7s:^y:/h. ^<0 

^M(Om^Xit. ^i6l£^M^D2O0X— A5Ki/i/3> 
tcoi/^T7^^Xh-iy3>*|jE**rS<fc'5tcbT^S<^ 
T% ±fBW^t± rti:V>J i::9:^o so 



[0019] CPU6fr±-::3^k:ffiiEt^c>ia«7^-^io:/ 

x:iy^(DVi^'^n^mm<omm (x, y) (S 
7 0 6) . ifi{H^JSjS^»»LT*IIE^Oia®-r-t$?<D 

^^^^n^iB^o^® (x, y) Kumrr^^^iEmom 
m'f-^(omm (x* , y* ) cs 7 o 7) o c 

^stcft® (x' , y* ) ^msL^h'p^mc^^^. n 
fmm^x^xmm w , y' ) otasf (x* , 

y' ) Jc5*-r SMjEm^DBfiRx-^^'tDffiffi (x. y) to 
«af (x, y) (S 7 0 8) . 

[0 0 2 0] '^^\c'rny^P^<0'^^<om^<omM^WL 

#b (S 7 0 9) . ':rnyi7p^o:>±'r—^(oW^^nti'^ 

^-JX^fcti^^ti^mm^no (S 7 1 O) o ^TUTl^ 
:^l.>«^tct±S 7 0 8Jc^t?*fPaaS«?fdo ^TUfc 

^-^tcti^ya -J ^\c'^\.^xi&^^^^^m^^mm 

ig»*^^TLfc;b^g*^iOW^*fT'5 (S 7 1 1) « 
-So ^TbTV^-S^^tctakor^cj P E G jEJai^Srfr^/^ 

(s 7 1 2) . mmmw9\zm^ii<ts cs 7 1 3) o 

[0021] J^±OlllSfficO?^aiTni:. iS^^8 X 8il^ 
^tctir'-i^X h-->3 ^tiJEf ^<li::a:<iBgi®|*:9 



(5) 
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[0 0 2 2] 

So 

[0 0 2 3] bfc^^oT. ^H^^ffliESSff-rS^^^C 



[02] ROUiic^mT^. 2:k(0^m^o%^(D— 

[0 4] »B^7='w'Xl — B :y(om^^^T^V$> 
[05] x-rxh-i/s v*giE^oil^offi3gffiS;&ltt 

10 ^-rSfcfe^OSTfeSo 
<D0TSSo 

[0 7] yxj^y^m<iLXy^^7.Y~iyB:y^$iEmW^^J 
. [08] ^j^xv<x h— >3 vo-^fl*lfiaj^s/cJ6t7:) 

0Tfe§o 

1 • -S^l^vX (X-AUVX) 
20 3 -CCD (a^^^) 

5 •/t*y:7TP<^y 

6- "CPU 

7 - ROM 



[01] 



[02] 
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[0 3] 
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